Abstract
5

Background
80
Cnidarians, including jellyfish and their predominantly sessile relatives the coral, sea anemone, 81 and hydra, first appeared in the Precambrian Era and are now key members of aquatic 82 ecosystems worldwide [1] . Between 500 and 700 million years ago, jellyfish developed novel 83 physiological traits that allowed them to become one of the first free-swimming predators. The 
Results and discussion
99
Jellyfish genome assembly and annotation 100 Here, we present the first de novo genome assembly of a jellyfish (Nemopilema nomurai). It Tables S4-S7 ). The resulting assembly shows the longest 107 continuity among cnidarian genomes (Additional file 1: Table S9 ). We predicted 18,962 protein- Figure S7 ). To determine how many genes appeared in every evolutionary era in the genome 130 of Nomura's jellyfish, we also evaluated the evolutionary age of the protein-coding genes.
131
Grouping jellyfish genes into 3 broad evolutionary eras, we observed that while the majority Figure S10 ).
134
Interestingly, normalizing the number of genes by the age and length of evolutionary era 135 suggests that gene turnover is highest near the present time. In total, the Nemopilema genome 
160
Since cnidarians have been reported to lack titin and troponin complexes, which are critical 161 components of bilaterian striated muscles, it has been suggested that the two clades 
Polyp to medusa transition in jellyfish 231
The polyp-to-medusa transition is prominent in jellyfish compared to the other sessile cnidarians.
232
To understand the genetic basis of the medusa structure formation in the jellyfish, we compared RA, and RXR and RAREs to activate transcription of the target gene (Fig. 3a) . We discovered Nemopilema were located within ±10 Kbp from RAREs, which is unique among the non-271 bilaterian metazoans (Fig. 3c) (Fig. 4) 
317
We conducted multiple sequence alignment using MUSCLE [40] and ran the MEGA v7 [41] 318 neighbor joining phylogenetic tree (gamma distribution) with 1,000 bootstrap replicates. extended the contigs using SSPACE [43] . Gaps generated by SSPACE were filled by aligning 331 the Illumina short-insert paired-end sequences using GapCloser [44] . We also generated TSLRs 332 using an Illumina HiSeq2000, which were aligned to scaffolds to correct erroneous sequences 333 and to close gaps using an in-house script. Detailed genome sequencing and assembly process 334 are provided in Additional file 1: Section 2.2.
336
Genome annotation
337
The jellyfish genome was annotated for protein-coding genes and repetitive elements. We 338 predicted protein-coding genes using a two-step process, with both homology and evidence- Nemopilema. Genes that are not expressed in both tentacles and medusa bell were excluded. 
